Aim. The classic detachment techniques lead to changes in cells properties
Introduction. Mesenchymal stem cells (MSC) are considered to be one of the most promising instruments of cell therapy. However, their cultivation is related to some difficulties, which have not been overcome to a full degree. Therefore, the methods of isolating MSC from tissues, their cultivation, passaging, and facilitating the retention of multipotency are actively elaborated and improved [1] [2] [3] .
In the tissues of organism MSC are located in the complex three-dimensional system, where their surface apparatus is adjusted to receive and process the signals from outside. The extracellular matrix and surrounding cells create unique physical and chemical conditions, determining MSC behavior [4, 5] . During the cultivation in the monolayer the cells get accustomed to specific conditions and released from centralized regulation by the neuroimmune and humoral factors [6] .
While passaging the culture the cells are forced to detach from the "parent" substrate. This is achieved using the solutions, containing proteolytic enzymes, enzymefree solutions and special mechanical technologies [2] . The most wide-spread and rather efficient enzymatic methods of detaching the cells from the substrate are deemed to be the solutions of trypsin (0.25 %) and versene (0.02 %) [2] . However, during this procedure the proteins and glycoproteins on the cell surface are inevitably damaged. The use of proteolytic enzymes and the effect of mechanical manipulations during the replating procedure compels the cells to lose relevant homing receptors and attachment molecules. It has a proven negative effect on the stem potential of MSC [3] [4] [5] [6] [7] [8] . Passage by passage the cells change their properties, lower the degree of multipotency and homing ability [9] . Therefore, various variants of cultivating MSC without any obligatory detachment are suggested, for instance, the application of culture flasks of a spe-cial form, which can stretch and increase the surface area with the enlargement of cell mass [10, 11] , or the cultivation in three-dimensional conditions on different carriers [12] . These methods are efficient, however they require additional technical possibilities, complicating the work and rather expensive.
The current work was aimed at the optimization of MSC cultivation conditions to preserve the cells with undamaged surface apparatus and, therefore, more relevant by their properties to the cells of the first passages than the cells after numerous replating procedures.
Materials and Methods. Cell isolation. Umbilical cords, collected after normal vaginal delivery, were provided by the Kyiv maternity clinic No. 5. The cells were isolated using the combined method [13] . The umbilical cords were kept in the solutions of antibiotics (the mixture of 1 mg/ml penicillin (Arterium, Ukraine) and 1 mg/ml streptomycin (Arterium)) for 20 min and washed in PBS. Then they were cut in fragments. To avoid the potential contamination of MSC population by endothelial cells, the vessels were removed. The obtained fragments were washed, minced and incubated in the solution of enzymes (collagenase type I (Sigma, USA), 200 units/ml, hyaluronidase type IV (Sigma), 400 units/ml) at 37°C for 20-60 min depending on the matrix density. After the incubation the tissue fragments were transferred into the flasks with the cultural medium (DMEM with low glucose content (PAA, Austria), and with penicillin (Arterium) and streptomycin (Arterium) 100 µg/ml each, 2 mM L-glutamine (Sigma), 10 nM FGF2 (Refibrol, PharmBiotek, Ukraine) and 10 % solution of fetal bovine serum (PAA)).
The solution of enzymes was collected and centrifuged for 7 min at 1,000 rpm. The precipitate obtained was added PBS with subsequent centrifugation in the same mode. The precipitate obtained was introduced into flasks with the abovementioned cultural medium.
The attached fibroblast-like cells -single or clones of 2-6 cells -could be observed on the bottom of the culture flasks 1-3 days later. Two days after the cell registration the medium was replaced by the fresh portion.
Cultivation. The cultivation was conducted in CO 2 -incubator (37°C, 5 % CO 2 ). MSC were cultivated in the above described medium in plastic flasks with the area of 25 and 75 square cm (PAA). At all the passages the medium was changed every 3 days.
When the monolayer confluence reached~70 %, the cells were passed using the mixture of trypsin (0.25%) (PAA) and versene (0.02 %) (1:1).
Cultivation optimization. While replacing the cultural medium with the fresh portion the conditioned medium was collected, transferred into a new flask with the addition of fetal bovine serum (1 ml per 10 ml of the obtained medium) and FGF2 (per 0.0025 µg/ml).
Microscopy. Cell morphology was examined with light microscopy using the Leica DMIL inverted microscope and imaged with Canon PowerShot 640A camera.
Results and Discussion. It is known that during a specific phase of the cell cycle, for instance, prior to the division, the degree of cell attachment to the substrate decreases [14] .
MSC culture (during routine cultivation) is asynchronous. Therefore, cells not do not proceed through the stages of cell cycle simultaneously, which presupposes the risk of losing some cells at standard replating, when the medium, where the cells were maintained, is removed from the culture flask. According to the suggested method, the conditioned medium, in which the culture has been growing for some time, is transferred to another culture flask (for instance, during medium changing). This medium is added a portion of serum and growth factors.
On the following day there is evident attachment of the cells, which might have been in less adhesive state. To reach the higher concentration of cells the obtained medium may also be centrifuged, thus precipitating the cells and immediately placing the obtained precipitate into the flask with the medium.
Taking into account the individual features of cultures, obtained from different donors, one can note 10-20 "attachment places" on average on the bottom of the culture flask containing 1-10 cells. These clones are viable and actively proliferating. In seven-ten days the number of cells increases three-fold on average. Approximately two weeks after the first detection of the cells, the clones acquire size and confluence sufficient to be passed using standard methods.
The morphology of the cells, obtained by the method of preserving the conditioned medium, is typical for MSC. Taking into account the discrepancies in the number of cells, obtained by the above described method, and the cells, replated by standard methods using the solutions of trypsin (0.25 %) and versene (0.02 %) it is possible to state that generally the cells of the derived culture preserve the morphology, typical for the cells of the initial culture (Fig.) . The degree of surface markers expression is similar to the one in cultures, replated by the standard method (over 75 % population are CD105, CD73, CD90 markers positive).
The expression of the surface marker proteins was determined by staining with fluorescent-labeled antibodies (United States Biological, USA) on BD FACS Aria cell sorter (State Institute of Genetic and Regenerative Medicine, NAMS Ukraine) (data not shown).
The damaging effect of the multiple obligatory detachment of cells from the substrate during the culture passaging is described in detail in the works [7] [8] [9] 15] .
The method of using the conditioned medium, suggested by us, helps to preserve an additional amount of cells and to reduce the degree of negative effect on MSC culture.
Conclusions. The main advantage of the suggested approach is the fact that the culture, obtained via upholding the cells, spontaneously detached during the replacement of the cultural medium, actually preserves the properties of the initial passage cells. As only a part of the population is remarkable for decreased attachment level, the described method would be a reasonable addition to the standard method. It would provide permanent support to the cell population, which evaded the impact of the standard procedure of passaging on proteins and glycoproteins of the surface apparatus. 
